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Although beneficial results have been reported immediately 
after percutaneous mitral balloon valvuloplasty, little infor. 
mation is available concerning the longer· term outcome of 
this procedure. The anatomic and functional results of 
percutaneous mitral valvuloplasty were assessed in 20 pa· 
tients, in whom two·dimensional and Doppler echocardio· 
graphic examination could be obtained both immediately 
and 6 to 11 months (mean 7.5 ± 2.0) after balloon dilation. 
Mean valve area measured by planimetry decreased slightly 
but significantly from 1.90 ± 0.59 cm2 immediately after 
valvuloplasty to 1.62 ± 0.55 cm2 (p < 0.001) at follow·up. 
Individual changes in valve area were variable, and in four 
patients valve area decreased by > 25 % • Echocardio· 
graphic scores of valvular morphology were obtained by 
assigning scores of 0 to 4 (with increasing abnormality) to 
each of four morphologic characteristics of the valve, 
namely, leaflet mobility, thickening, calcification and sub-
valvular thickening. This score was higher in the four 
patients with a decrease in valve area >25% at follow-up 
Percutaneous balloon mitral valvuloplasty is a promlsmg 
nonsurgical approach to the treatment of patients with 
rheumatic mitral stenosis. The evaluation of the stenotic 
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than in the other patients (11 ± 2 versus 7 ± 2, p < 0.002). 
Multiple regression analysis of several hemodynamic 
and echocardiographic factors identify first the echocardio· 
graphic score and second the valve area postvalvuloplasty 
as the only significant predictors of the percent decrease in 
valve area (r = 0.70, P < 0.006). Mitral regurgitation 
graded by pulsed Doppler ultrasound decreased from 1.9 ± 
1.2 immediately after valvuloplasty to 1.0 ± 0.9 (p < 0.003) 
at follow-up, whereas there was no change in mean trans-
mitral pressure gradient by Doppler echocardiography (5 
± 2 versus 6 ± 3 mm Hg, p = NS) and left atrial volume (74 
± 34 versus 72 ± 27 cm\ p = NS). 
Thus, 6 to 11 months after balloon mitral valvuloplasty, 
mean mitral valve area decreases slightly. Individual 
changes in valve area, however, are variable. Valvular 
morphology assessed by two·dimensional echocar:diography 
may be useful for identifying those patients who have an 
increased likelihood of developing valvular restenosis. 
(J Am Coli CardioI1988;12:606-1S) 
mitral valve before and immediately after this procedure has 
been greatly aided by the use of two-dimensional and Dop-
pler echocardiography (1-3). In addition to the noninvasive 
assessment of valve area, pressure gradient and valvular 
regurgitation, echocardiography also allows the evaluation 
of the morphologic appearance of the valve leaflets and 
subvalvular apparatus. Early reports (2-5) suggest that these 
morphologic characteristics of the valve are clinically impor-
tant because patients with pronounced leaflet immobility, 
thickening or calcification and subvalvular disease have 
poorer initial results after valve dilation. 
Although several centers have reported favorable ana-
tomic and hemodynamic results immediately after balloon 
valvuloplasty (1,5-8), little information exists regarding the 
longer-term follow-up of patients after this procedure. Expe-
0735-1097/88/$3.50 
JACC Vol. 12, No.3 
September 1988:606--15 
rience gained from patients after surgical mitral commissur-
otomy indicates that a proportion of those patients with good 
initial results develop restenosis of the valve at a variable 
time period after surgery (9,10). Furthermore, poorer long-
term results are seen in surgical patients who have severe 
valvular calcification (11-13). 
The purpose of this study was to assess the anatomic and 
functional results of percutaneous balloon mitral valvulo-
plasty 6 to 11 months after the procedure with the use of 
two-dimensional and Doppler echocardiography, and to 
identify those factors that may predict the occurrence of 
valvular restenosis during this follow-up period. 
Methods 
Study patients. The study group consisted of 20 patients 
(17 female, 3 male) who underwent balloon mitral valvulo-
plasty for severe mitral stenosis, in whom two-dimensional 
and Doppler echocardiographic evaluation could be obtained 
both immediately and 6 to 11 months after the procedure. 
Their mean age was 52 years (range 21 to 72). Before 
valvuloplasty, 13 patients had sinus rhythm and 7 had atrial 
fibrillation. Seven patients had symptoms that fell into New 
York Heart Association class IV, 12 patients had class III 
symptoms and 1 patient had class II symptoms. Three 
patients had previous surgical commissurotomy, one had 
previous aortic valve replacement and three had concomi-
tant aortic stenosis. 
Study Protocol 
Hemodynamics. All 20 patients underwent percutaneous 
mitral valvuloplasty by the trans septal approach with the use 
of either the single or the double balloon dilating technique 
(14). The valve was dilated with one balloon in 11 patients 
and with two balloons in 9. The effective balloon dilating 
area and the effective balloon dilating area normalized to the 
body surface area were calculated as previously described 
(7). Right and left heart pressures and cardiac output were 
measured before and after valvuloplasty. Cardiac output was 
determined by thermodilution in most patients, but when 
tricuspid regurgitation was present, the green dye technique 
was used. Also, when a step-up in oxygen saturation diag-
nostic of left to right shunt was detected (>8% step-up in 
oxygen saturation from mixed venous samples to pulmonary 
artery samples), the Fick method was used instead. Mitral 
valve area was calculated by the Gorlin formula (15). The 
degree of calcification of the mitral valve was assessed by 
fluoroscopy and subjectively graded in order of increasing 
severity from 0 to 4+. Follow-up catheterization was per-
formed in 17 patients 7.6 ± 1.6 months after the procedure, 
during which hemodynamic measurements were repeated as 
described. 
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Echocardiographic examination. All 20 patients were 
studied with two-dimensional and Doppler echocardiog-
raphy <24 h and at an average of7.5 ± 2.0 months (range 6 
to 11) after percutaneous mitral valvuloplasty. Before val-
vuloplasty, two-dimensional echocardiographic examination 
was performed in 17 patients and Doppler echocardiography 
in 16. Two-dimensional and pulsed Doppler data were ac-
quired with a Hewlett-Packard 77020A ultrasound imager 
equipped with a 2.5 MHz phased array transducer or an 
Advanced Technology Laboratories MK 600 ultrasound 
imager equipped with a 3.0 MHz mechanical transducer. 
Continuous wave Doppler data were obtained with a 1.9 
MHz nonimaging transducer connected to the Hewlett-
Packard imager or an Irex Exemplar imager equipped with a 
3.0/2.0 MHz imaging transducer. In each study, standard 
echocardiographic images were obtained in the parasternal 
long-axis and short-axis and apical two chamber and four 
chamber views. In the parasternal short -axis view, meticu-
lous care was taken to scan the mitral valve repeatedly from 
the leaflet tips to their bases to obtain the smallest cross-
sectional orifice of the valve. 
With the use of pulsed Doppler echocardiography, the 
occurrence of mitral regurgitation was evaluated in the 
apical four and two chamber views and the parasternal 
long-axis view. The presence of mitral regurgitation was 
defined as a high velocity jet that occurred in systole and 
extended from the mitral valve into the left atrium. The 
Doppler sample volume was moved carefully and progres-
sively throughout the entire left atrium to identify the 
maximal spatial extent of the regurgitant jet. Continuous 
wave Doppler evaluation of the mitral inflow velocity profile 
was performed from the apical window, and the transducer 
was angled to yield the highest velocities across the stenotic 
valve. All two-dimensional and pulsed Doppler echocardio-
graphic data were recorded on 112 in. (2.5 cm) videotape for 
subsequent analysis. Continuous wave Doppler data were 
recorded on paper at a speed of 100 mm/s. 
Data Analysis 
Mitral valve area. All echocardiographic measurements 
were analyzed without knowledge of catheterization data. 
Mitral valve area was measured by direct planimetry of the 
valve orifice in early diastole with a commercially available 
digitizing system (Microsonics Inc.). The smallest orifice of 
the valve obtained in early diastole in the parasternal short-
axis view was chosen for analysis. All valve area measure-
ments were made by one observer. The intraobserver vari-
ability of this technique was tested in 10 patients chosen at 
random from this patient group. The mean unsigned differ-
ence between the 2 sets of measurements was 0.07 ± 0.25 
cm2 , which was 7% of the mean value in both data sets. The 
anteroposterior and transverse diameters of the mitral valve 
orifice were measured at maximal valve opening in early 
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diastole. For all mitral valve measurements, the values of 3 
and 5 measurements were averaged in patients with sinus 
rhythm and atrial fibrillation, respectively. 
Mitral valve area was also calculated with the use of the 
pressure half-time method from the continuous wave Dop-
pler mitral velocity profile (16) (Sony Medical 051 Cardio-
logic Analysis System). Mean mitral transvalvular gradient 
was calculated from the same tracings with the simplified 
Bernoulli equation (16). The values from 5 consecutive beats 
were averaged in patients with sinus rhythm, whereas the 
values from 10 consecutive beats were averaged in patients 
with atrial fibrillation. 
Mitral regurgitation. The severity of mitral regurgitation 
was graded by pulsed Doppler echocardiography. For this 
purpose, the left atrium was divided into four equal segments 
extending from the annular plane to the superior wall of the 
left atrium. Mitral regurgitation was graded from 1 + to 4+ 
according to the spatial extent of the regurgitant jet mapped 
within the left atrium, as previously described (1). 
Left atrial volume. This was calculated from three atrial 
diameters measured at end-systole with an ellipsoid formula, 
as previously described (1). The anteroposterior (D1) and 
mediolateral (D2) dimensions were obtained from the pa-
rasternallong- and short-axis views, respectively, whereas 
the superoinferior dimension (D3) was obtained from the 
apical four chamber view. The formula used was: 
Left atrial volume = 4/3 x Pi x (D/2) x (D212) x (D3/2) 
Valve morphology. The morphologic features of the ste-
notic mitral valve and subvalvular apparatus were evaluated 
with the use of a semiquantitative approach that we have 
previously described (1,17). Scores ranging from 0 to 4 were 
assigned to represent each of four morphologic characteris-
tics, namely, leaflet mobility, thickening, calcification and 
subvalvular thickening, with higher scores representing 
more morphologic abnormality. The scores of the four 
individual features were added in each patient to obtain a 
total echocardiographic score. Interobserver variability of 
the total echocardiographic score between two observers 
was tested in 12 patients chosen at random. The mean 
unsigned difference between the two data sets was 0.45 ± 
0.52, which was 6% of the mean of both sets. 
Echocardiographic scores in the three patients who did 
not have echocardiographic examinations before valvulo-
plasty were obtained from the echocardiograms performed 
immediately after the procedure. Our collective experience 
of patients studied before and immediately after valvulo-
plasty shows that the echocardiographic score immediately 
after valvulopalsty does not increase but may decrease in 
some patients because of an improvement in leaflet mobility. 
This decrease in score is minimal with a change of at most 1 
grade. The maximal decrease in the score has been by only 
1 grade. 
Statistical Methods 
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Evidence for or against restenosis. Measurements before 
versus immediately after mitral valvuloplasty and measure-
ments immediately after mitral valvuloplasty versus those at 
follow-up were compared with the use of the Student's 
paired t test for parametric data and the Wilcoxon signed 
rank test for nonparametric data. Patients were further 
classified into two groups: Group I contained four patients 
with a decrease in mitral valve area> 25% from immediately 
postvalvuloplasty to follow-up and a valve area at follow-up 
of <1.5 cm2• These patients were considered to have resten-
osis and are referred to as such in the text. Group II 
contained 16 patients with <25% decrease in valve area at 
follow-up. These patients were considered to be without 
evidence of restenosis. Hotelling's t2 test for multivariate 
generalization of the Student's t test was performed for the 
comparison of differences between Group I and Group II. 
Factors predicting late decrease in mitral valve area. 
Simple least squares linear regression analysis was used to 
correlate measurements of mitral valve orifice area mea-
sured by echocardiographic techniques and those by the 
Gorlin method. Multiple stepwise linear regression analysis 
was used to identify potential factors that predicted the 
percent decrease in mitral valve area from immediately after 
to late after valvuloplasty. The factors examined were age, 
sex, rhythm, presence of previous commissurotomy, echo-
cardiographic score, mitral valve area before and after 
valvuloplasty, change in valve area from before to after 
valvuloplasty, mitral regurgitation by pulsed Doppler echo-
cardiography before and after valvuloplasty, left atrial vol-
ume before and after valvuloplasty, trans mitral pressure 
gradient before and after valvulopasty, change in trans mitral 
pressure gradient from before to after valvuloplasty, cardiac 
output before and after valvuloplasty, symptoms by the New 
York Heart Association classification before valvuloplasty, 
calcium by fluoroscopy, effective balloon dilating area and 
the effective balloon dilating area normalized to the body 
surface area. Differences with p values <0.05 were consid-
ered significant. Results are expressed as mean ± SD. 
Results 
Hemodynamics. Mitral transvalvular mean pressure gra-
dient decreased in all 20 patients after percutaneous mitral 
valvuloplasty from 17 ± 6 to 5 ± 2 mm Hg (p < 0.0001). 
Follow-up mitral gradient in the 17 patients who had repeat 
catheterization was 7 ± 5 mm Hg (p = NS versus 5 ± 2 mm 
Hg for the same patients immediately after valvuloplasty). 
Mean left atrial pressure decreased from 25 ± 9 before 
valvuloplasty to 11 ± 7 mm Hg (p < 0.001) after valvuloplasty 
and remained unchanged (13 ± 5 mm Hg) at follow-up (p = 
NS). Cardiac output increased from 4.1 ± 1.1 liters/min 
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Figure 1. Serial mitral valve area measurements by planimetry. The 
right panel shows the data for the 20 patients studied immediately 
after mitral valvuloplasty (POST-PMV) and at follow-up (FOL-
LOW-UP). For reference, mitral valve areas for the 17 patients 
studied before valvuloplasty (PRE-PMV) are shown in the left panel. 
Valve areas in the remaining three patients were obtained from the 
Gorlin formula and are indicated by dashed lines. These values are 
not included in the statistical analysis. 
before valvuloplasty to 4.8 ± 1.0 liters/min after and remained 
unchanged at follow-up (4.5 ± 1.2 liters/min) (p = NS). 
Two-Dimensional Echocardiographic Results 
Mitral valve area (Fig. 1 and 2). Mitral valve area by 
planimetry increased in all patients after valvuloplasty. 
Mean valve area for the 17 patients who had echocardio-
grams before valvuloplasty was 0.88 ± 0.34 cm2 and in-
creased to 1.76 ± 0.37 cm2 after valvuloplasty (p < 0.001). 
For the whole group of 20 patients, mean valve area after 
valvuloplasty was 1.90 ± 0.59 cm2 and decreased to 1.62 ± 
0.55 cm2 (p < 0.001) at follow-up. In individual patients, 
valve area remained unchanged from immediately postval-
vuloplasty to follow-up in 11 patients (55%), decreased by 
<25% in 5 patients (25%) and decreased by >25% in 4 
patients (20%) (Fig. 1). 
Valve area measured by planimetry correlated well with 
valve area obtained by the Gorlin method before valvulo-
plasty (r = 0.81, p < 0.001), immediately after valvuloplasty 
(r = 0.75, p < 0.001) and at follow-up (r = 0.82, p < 0.001). 
Figure 2 illustrates the correlation between these measure-
ments at all sampling periods (valve area by planimetry = 
0.77 valve area by Gorlin formula + 0.28 cm2, r = 0.88, p < 
0.0001, SD = 0.32 cm2). 
The transverse diameter of the mitral valve before valvu-
loplasty was 1.54 ± 0.37 cm and increased to 2.43 ± 0.96 cm 
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Figure 2. Linear regression analysis of mitral valve area measured 
by the Gorlin method and valve area measured by planimetry before 
and immediately after valvuloplasty and at follow-up. 
(p < 0.0001, n = 17) after valvuloplasty. The anteroposterior 
diameter of the valve before valvuloplasty was 0.75 ± 0.25 
cm and increased immediately after valvuloplasty to 0.93 ± 
0.20 cm (p < 0.005, n = 17). At follow-up, the transverse 
diameter decreased slightly but significantly (2.44 ± 0.37 cm 
after valvuloplasty, 2.20 ± 0.41 cm at follow-up, p < 0.004, 
n = 20) whereas the anteroposterior diameter did not change 
(1.06 ± 0.44 cm after valvuloplasty versus 0.99 ± 0.44 cm at 
follow-up, p = NS, n = 20). 
Left atrial volume (Fig. 3). In all 17 patients with echo-
cardiographic examinations before valvuloplasty, left atrial 
volume decreased from 90 ± 37cm3 before the procedure to 
74 ± 36 cm3 immediately afterward (p < 0.001). For the 
entire group of patients, left atrial volume remained un-
Figure 3. Serial left atrial volume measurements before valvulo-
plasty (PRE-PMV) (n = 17), immediately after valvuloplasty (POST-
PMV) and at follow-up (FOLLOW-UP) (n = 20). 
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changed from after valvuloplasty to follow-up (74 ± 34 cm3 
after versus 72 ± 27 cm3 at follow-up, p = NS). In individual 
patients, left atrial volume from after valvuloplasty to fol-
low-up continued to decrease in seven patients, did not 
change in another seven and increased in six (Fig. 3). Among 
patients with an increase in left atrial volume, the change 
was small in most and exceeded 20 cm3 in only two, both of 
whom had valvular restenosis. 
Echocardiographic score. The total echocardiographic 
score for valvular and sub valvular morphology was 7.8 ± 
2.6. Scores for individual characteristics of the valve and 
subvalvular apparatus were 2.0 ± 0.8 for leaflet mobility, 2.2 
± 0.8 for valvular thickening, 1.8 ± 0.8 for valvular calcifi-
cation and 1.9 ± 0.8 for sub valvular thickening. There was 
no significant change in the total score before valvuloplasty 
compared with immediately after valvuloplasty (n = 17), or 
for immediately after valvuloplasty compared with follow-up 
(n = 20). 
Doppler Echocardiography 
Mitral regurgitation by pulsed Doppler ultrasound (Fig. 4). 
In the 16 patients with pulsed Doppler evaluation before 
and immediately after valvuloplasty, mitral regurgitation 
grade increased slightly from 1.2 ± 1.3 to 1.9 ± 1.2 (p < 
0.007). Before valvuloplasty, there were eight patients with-
out regurgitation, one patient with grade 1 +, three patients 
with grade 2+ and four with grade 3+ regurgitation (Fig. 4). 
Immediately after valvuloplasty, mitral regurgitation in-
creased in seven patients (35%) (by one grade in four and by 
two grades in three) and did not change in nine patients 
Figure 4. Serial mitral regurgitation severity measured by pulsed 
Doppler echocardiography before valvuloplasty (PRE-PM V) (n = 
16), immediately after valvuloplasty (POST-PM V) (n = 20) and at 
follow-up (FOLLOW-UP) (n = 20). 
4+ 
3+ 
2+ 
1+ 
o 
P :" 0.007 P = 0.003 
PRE-PMV POST-PMV FOLU7H-uP 
20 
16 
12 
:F 
E 
E B 
4 
o 
PR£-
PMV 
POST- POST-
PMV PMV 
lACC Vol. 12, No.3 
September 1988:606--15 
FOLLOW-
UP 
Figure 5. Serial mean transmitral pressure gradient measured by 
Doppler echocardiography before valvuloplasty (PRE-PMV), imme-
diately after valvuloplasty (POST-PMV) and at follow-up (FOL-
LOW-UP). 
(45%). New mitral regurgitation occurred in four patients 
(20%) (grade 1 + in one and grade 2+ in three). Patients with 
grade 3+ regurgitation did not develop more severe regur-
gitation after valvuloplasty and no patient developed severe 
(grade 4+) mitral regurgitation. 
For all 20 patients, mean mitral regurgitation grade de-
creased significantly from 1.9 ± 1.2 immediately after val-
vuloplasty to 1.0 ± 0.9 (p < 0.003) at follow-up. Individually, 
mitral regurgitation decreased in 11 patients (55%) (by three 
grades in 2, by two grades in 3 and by one grade in 6), 
remained unchanged in 7 (35%) and increased by one grade 
in 2 (10%) (Fig. 4). Both of these patients had valvular 
restenosis. 
Mitral transvalvular pressure gradient (Fig. 5). Trans-
mitral mean pressure gradient by Doppler echocardiography 
was 11 ± 5 mm Hg before valvuloplasty and decreased in all 
patients after the procedure to a mean of 5 ± 2 mm Hg (p < 
0.001). At follow-up, transmitral pressure gradient did not 
change for the group (5 ± 2 after valvuloplasty versus 6 ± 3 
mm Hg at follow-up, p = NS). Individually, the gradient 
changed <3 mm Hg in 16 patients and increased by >4 mm 
Hg in 4 patients; all 4 had a >25% decrease in mitral valve 
area at follow-up. Although not recorded simultaneously, 
transmitral mean pressure gradient calculated from the con-
tinuous wave Doppler tracing correlated well with corre-
sponding values obtained at catheterization for combined 
measurements taken before and immediately after valvulo-
plasty and at follow-up (r = 0.80, p < 0.0001, SD = 2.5 mm 
Hg). 
Doppler half-time assessment of mitral valve area (Fig. 6). 
In the 15 patients with continuous wave Doppler studies 
before valvuloplasty, mitral valve area by the half-time 
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Figure 6. Relation between mitral valve area measured by the Gorlin 
method and valve area measured by the Doppler half-time method. 
A, Before percutaneous mitral valvuloplasty. The two measure-
ments showed a good correlation (r = 0.75). B, Immediately after 
percutaneous mitral valvuloplasty. The two measurements corre-
lated poorly immediately after valvuloplasty (r = 0.46). C, At 
follow-up. The correlation between the two measurements im-
proved at follow-up (r = 0.80) compared with the measurements 
made immediately after valvuloplasty (r = 0.46). 
method was 0.87 ± 0.22 cm2 before valvuloplasty and 
increased to 1.5 ± 0.40 cm2 (p < 0.001) after valvuloplasty. 
In the entire group, mitral valve area at follow-up remained 
unchanged from that after valvuloplasty (1.5 ± 0.4 versus 
1.60 ± 0.40 cm2 at follow-up, p = NS). 
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Figure 7. Symptoms by the New York Heart Association classifica-
tion are shown before mitral valvuloplasty (PRE-MVP) and at 
follow-up. All 20 patients were in improved condition except for I 
patient who had class IV symptoms before and at follow-up valvu-
loplasty. 
Mitral valve area by the half-time method correlated well 
with valve area calculated by the Gorlin method before 
valvuloplasty (Gorlin area = 0.60 half-time area + 0.38 cm2, 
r = 0.75, p < 0.001, SD = 0.27 cm2) (Fig. 6A). Immediately 
after valvuloplasty, the two measurements correlated poorly 
(r = 0.46, p < 0.04), as we have previously reported (18) 
(Fig. 6B). At follow-up, the correlation of valve area be-
tween the half-time method and the Gorlin method improved 
(Gorlin area = 0.67 half-time area + 0.53 cm2, r = 0.80, p < 
0.001, SD = 0.27 cm2 (Fig. 6C). 
Symptoms (Fig. 7). Symptoms (New York Heart Associ-
ation classification) were significantly less at follow-up than 
before valvuloplasty (mean class 1.4 ± 0.8 versus 3.3 ± 0.5 
respectively, p < 0.0001). At follow-up, 14 patients were in 
class I, 5 were in class II and 1 patient was in class IV. 
Factors Predictive of Successful Valvuloplasty 
Factors that predict the percent decrease in valve area at 
follow-up. For the 20 patients studied, univariate linear 
regression analysis of each of the clinical, echocardiographic 
and hemodynamic factors listed in the statistics section 
showed that the echocardiographic score was the only factor 
that correlated significantly (r = 0.50, P < 0.02) with the 
percent decrease in valve area from immediately after val-
vuloplasty to follow-up. The correlation of calcification by 
fluoroscopy fell just outside statistical significance (p < 
0.06). Multiple stepwise regression analysis identified first 
the echocardiographic score and next the area after valvu-
loplasty as the only significant predictors of the percent 
decrease in valve area from immediately after valvuloplasty 
to follow-up (r = 0.70, p < 0.006). 
Differences between the patients with and without valvular 
restenosis (Fig. 8). To further examine those factors that 
could be associated with the percent decrease in valve area 
at follow-up, the 4 patients in Group I (restenosis) and the 16 
in Group II (no restenosis) were examined separately and 
compared. There were no significant differences in the two 
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Figure 8. Individual morphologic characteristics of the the mitral 
valve and subvalvular apparatus in 4 patients with and 16 without 
valvular restenosis. Scores for leaflet mobility, thickening and 
calcification were significantly higher in the restenosis group. Score 
for subvalvular thickening was also higher but the difference was not 
significant. Bar graphs show mean values ± SEM. Solid bars = 
restenosis; hatched bars = no restenosis. 
groups with regard to age, gender, cardiac rhythm or pres-
ence of previous commissurotomy. 
Mitral valve area at follow-up was significantly smaller in 
the restenosis group (0.95 ± 0.10 cm2) compared with the 
group without restenosis 0.79 ± 0.48 cm2 , p < 0.000l). 
Importantly, however, valve area before valvuloplasty (0.70 
± 0.28 cm2 restenosis versus 0.94 ± 0.35 cm2 no restenosis, 
p = NS), valve area immediately after valvuloplasty (1.60 ± 
0.21 cm2 restenosis versus 1.97 ± 0.63 cm2 no restenosis, p 
= NS) and the change in valve area from before to immedi-
ately after valvuloplasty (0.90 ± 0.37 cm2 restenosis versus 
0.87 ± 0.39 cm2 no restenosis, p = NS) were not different 
between the two groups. 
There was no significant difference in mitral regurgitation 
grade and left atrial volume between the two groups before 
and after valvuloplasty and at the time of follow-up. 
Echocardiographic score in the patients who exhibited 
restenosis was 11 ± 2 and was significantly higher than in 
those without restenosis (7 ± 2, P < 0.002). No patient with 
an echocardiographic score <9 exhibited restenosis. Individ-
ual characteristics of the mitral valve and subvalvular appa-
ratus in both groups of patients are shown on Figure 8. 
Scores for valvular mobility, thickening and calcification 
were significantly higher in the restenosis group. Subvalvu-
lar thickening was also higher, but the difference was not 
significant. 
All four patients in the restenosis group had, valvular 
dilation with one balloon, and effective balloon dilating area 
was significantly smaller in the restenosis group (4.69 ± 0.45 
versus 6.25 ± 1.22 cm2 , p < 0.001). However, there were 
also seven patients with a valve dilated by one balloon in 
whom valvular restenosis did not occur. 
Discussion 
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Percutaneous balloon mitral valvuloplasty has recently 
been introduced as an alternative approach to the surgical 
treatment of patients with mitral stenosis. Although many 
studies have described favorable results immediately after 
this intervention (1,5-8), little information is available on 
whether these early results are maintained over a longer 
period of time. Studies (9,19) after surgical commissurotomy 
have shown that symptoms are an unreliable marker of the 
development of valvular restenosis, and therefore the mea-
surement of mitral valve area itself is key to this diagnosis. 
Echocardiography is ideally suited for the long-term fol-
low-up of patients after balloon valvuloplasty because it is 
noninvasive and has been proved to be accurate for evalu-
ating valve area and trans valvular pressure gradient in 
patients with mitral stenosis (20,16). 
Changes in mitral valve area. In this study, we assessed 
the anatomic and functional results of balloon mitral valvu-
loplasty 6 to 11 months after the procedure with two-
dimensional and Doppler echocardiography, and analyzed 
the factors that might predict the occurrence of valvular 
restenosis during this follow-up period. Whereas all patients 
had an immediate increase in valve area after valvuloplasty, 
the change in valve area from early after valvuloplasty to 
follow-up was not uniform. Mean valve area decreased 
slightly but significantly. In the majority of patients with a 
decrease in area, the changes were relatively small, except 
for four patients whose valve area decreased by >25%. 
These four patients also had a valve area <1.5 cm2 at 
follow-up and were assigned to the group with valvular 
restenosis. Valve area before and after valvuloplasty and the 
increase in area from before to immediately after valvulo-
plasty were not different in the patients with or without 
restenosis. 
Predictors of valvular restenosis at follow-up: the echocar-
diographic score. We have previously described a semiquan-
titative echocardiographic method of evaluating the morpho-
logic characteristics of the valvular and subvalvular 
apparatus of the stenotic mitral valve and demonstrated that 
patients with a higher echocardiographic score, representing 
more severe morphologic abnormalities, had poorer ana-
tomic and functional results immediately after balloon val-
vuloplasty (4,5,17). The echocardiographic score was based 
on the degree of valvular mobility, thickening and calcifica-
tion and of subvalvular involvement. Using the same echo-
cardiographic scoring system in this study, we found that 
valvular and subvalvular morphology was also the most 
useful index for predicting vavular restenosis in these pa-
tients. The patients who had valvular restenosis had a 
significantly higher echocardiographic score than did pa-
tients who did not, and no patient with a score <9 developed 
restenosis. Of the seven patients with an echocardiographic 
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score >9, three did not exhibit restenosis. In other words, 
although a low score predicts a low risk of restenosis at 
follow-up and a high score predicts an increased risk of 
restenosis, not all patients with a high score will necessarily 
develop restenosis. Of the many clinical, hemodynamic and 
echocardiographic factors evaluated by univariate analysis, 
the echocardiographic score was the only one to correlate 
significantly with the percent decrease in valve area at 
follow-up. The significance level of this correlation was 
relatively low (p < 0.02) and statistical confidence was 
reduced by the relatively large numbers of variables exam-
ined. Nevertheless, this result demonstrated a trend that is 
of interest and potential clinical importance. The result of 
multivariate analysis supported this finding by also selecting 
the echocardiographic score as the most important predictor 
of the percent decrease in valve area. 
The long-term results after surgical mitral commissur-
otomy are not directly comparable with those of this study as 
they usually involved follow-up periods of several years. 
Nevertheless, these surgical reports (11,21-23) have also 
shown that greater degrees of valvular calcification and 
leaflet immobility to be associated with poorer immediate 
and long-term results after surgical commissurotomy. In our 
study, when the four individual components of the total 
echocardiographic score were evaluated separately to deter-
mine how well each of them differentiated between patients 
with restenosis and those without, scores for valvular mo-
bility, thickening and calcification all differed significantly 
between the two groups. The score for subvalvular involve-
ment differed in the same direction, but the magnitude of this 
difference' was smaller and did not reach statistical signifi-
cance. This finding is of interest because it may suggest that 
the mechanism of restenosis in these patients is related more 
to characteristics of the valve leaflets rather than in the 
subvalvular apparatus. These initial impressions need to be 
confirmed in a larger group of patients. 
The actual mechanism of valvular restenosis after bal-
loon valvuloplasty remains unclear, because intraoperative 
and pathologic data are lacking. We (2,24) and others (3,8) 
have described from echocardiographic and pathologic data 
that sudden dilation of the valve after balloon inflation 
occurs as a result of splitting along the fused commissures of 
the valve without avulsion of the leaflets themselves. In this 
study, a similar mechanism was observed visually from the 
echocardiographic images and confirmed by the objective 
demonstration that the transverse diameter of the valve 
orifice increased proportionally more than its anteroposte-
rior diameter immediately after valvuloplasty. At follow-up, 
the transverse diameter decreased slightly but significantly 
for the whole group, whereas the anteroposterior diameter 
remained unchanged, suggesting that valvular restenosis 
occurred at least partly by refusion of the commissures. 
The patients in this study were not randomly assigned to 
ABASCAL ET AL. 613 
FOLLOW-UP AFTER MITRAL VALVULOPLASTY 
valvular dilation by one or two balloons. The 11 patients who 
had their valve dilated with one balloon were treated earlier 
in the series. Although all four patients in the valvular 
restenosis group had their valve dilated with one balloon, the 
remaining seven patients who were also treated with one 
balloon did not develop restenosis. There was no significant 
difference between patients whose valve was dilated with 
one balloon versus two balloons in either the increase in 
valve area from before to immediately after valvulopasty or 
in the decrease in valve area from postvalvuloplasty to 
follow-up. 
Comparison of mitral valve area measurements by planim-
etry, Doppler half-time and Gorlin methods. Valve area by 
planimetry correlated well with measurements derived from 
the Gorlin formula before valvuloplasty, immediately after-
ward and at follow-up, and the data are in agreement with 
previous reports (20) validating the use of this technique for 
assessing valve area in mitral stenosis. Valve area by the 
pressure half-time method before valvuloplasty also corre-
lated well with measurements derived from the Gorlin for-
mula. Immediately after valvuloplasty, however, this corre-
lation was poor and the slope of the regression line was 
reduced, a finding that we (18) and others (3) have previously 
reported. Although the mitral pressure half-time method has 
been widely accepted as a clinically useful technique for 
evaluating mitral valve area in patients with mitral stenosis, 
the pressure half-time is dependent on several factors in 
addition to the valve area alone, such as left atrial pressure 
and compliance (25, 26). It is possible that abrupt changes in 
these other factors immediately after valvuloplasty altered 
the relation between valve area and the pressure half-time. 
The correlation between valve area calculated by the pres-
sure half-time method and by the Gorlin formula improved at 
follow-up, suggesting a return to baseline of the valve area to 
pressure half-time relation. Further investigation is needed 
to understand more clearly the mechanisms responsible for 
this phenomenon. 
Changes in mitral regurgitation after valvuloplasty. Mitral 
regurgitation is an important complication after surgical 
commissurotomy and is associated with a worse clinical 
prognosis. We have previously reported (1) a slight increase 
in mitral regurgitation immediately after percutaneous mitral 
valvuloplasty that was not associated with any of the echo-
cardiographic morphologic features of the stenotic valve. At 
follow-up of the patients in the present study, mitral regur-
gitation grade decreased in slightly more than half the 
patients, and the mean grade for the whole group decreased 
significantly. A decrease in mitral regurgitation has also been 
found in some patients after successful surgical commissur-
otomy (10). 
The mechanism of the reduction in regurgitation at 
follow-up after balloon valvuloplasty is unclear. No relation 
was found between the decrease in mitral regurgitation and 
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the percent decrease in mitral valve area or the echocardio-
graphic score. It may be postulated that during balloon 
valvuloplasty, acute dilation of the valve stretched the leaflet 
tissues and produced irregularities at the sites of coaptation, 
which created or worsened valvular regurgitation. With 
time, repeated coaptation of the leaflets and restructuring of 
leaflet architecture may have reduced these irregularities and 
decreased the amount of regurgitation present. 
The creation of an atrial septal defect during valvulo-
plasty may decompress the left atrium. Theoretically, the 
resultant decrease in left ventricular-atrial pressure gradient 
may contribute to an increase in severity of mitral regurgi-
tation after valvuloplasty. Closure of the atrial septal defect 
at a later date may reverse this situation and reduce the 
severity of the regurgitation. Only three of our patients had 
an atrial septal defect detected by blood oxygen saturation 
immediately after valvuloplasty, with a pulmonary to sys-
temic flow ratio of 1.5/1, 1.4/1 and 1.8/1, respectively. No 
patient had an atrial septal defect detected at follow-up. It is 
therefore unlikely that the creation and subsequent closure 
of an atrial septal defect accounted for the majority of 
changes in mitral regurgitation observed in our patients. 
Other funtional results. Mean transmitral pressure gradi-
ent and left atrial volume did not change from early after 
valvuloplasty to follow-up, probably because the decreases 
in mean valve area and regurgitant grade were small and 
exerted opposite effects. Despite the tendency for valve area 
to decrease slightly in many patients from immediately 
postvalvuloplasty to follow-up, mean valve area at follow-up 
was still significantly larger than before valvuloplasty. 
Symptoms by the New York Heart Association classification 
were lessened in all except one patient, including three of the 
four patients with valvular restenosis. The one patient whose 
symptom class was unchanged at follow-up had severe 
symptoms (class IV) before valvuloplasty and was also the 
one with the largest decrease in valve area at follow-up. 
Study limitations. The findings of this study represented 
our initial experience of the longer-term results of balloon 
mitral valvuloplasty. The number of patients studied was 
therefore relatively small. Despite the small number, how-
ever, statistically significant trends could be detected in the 
changes in mitral valve area and mitral regurgitation at 
follow-up. The data also demonstrated statistically the im-
portant role that the echocardiographic assessment of valve 
morphology could play in predicting valvular restenosis. 
Valve morphology is difficult to quantitate by echocar-
diography or, for that matter, by any other technique. The 
echocardiographic score of valve morphology used in this 
study was therefore semiquantitative and subjective. De-
spite its subjective nature, interobserver variability was 
small, as we have previously described (17). The scoring 
process was intentionally designed not to require tedious 
measurements and this simplicity should facilitate wide-
spread clinical application. The division of the severity of 
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each morphologic characteristic into four grades offered 
sufficient discriminatory power to distinguish among abnor-
malities of broadly different severities, without containing 
too many grades so as to make the scoring process imprac-
tical to apply. 
The grading of mitral regurgitation by pulsed Doppler 
echocardiography has previously been reported to correlate 
with measurements by contrast cineventriculography (27) 
and is widely used in clinical practice. However, this tech-
nique has several limitations, which include the overestima-
tion of regurgitant severity when narrow jets penetrate 
deeply into the left atrium, the underestimation of severity 
when jets are eccentric and dependency on left atrial size 
(28). There was a definite and statistically significant trend 
for regurgitant grade to increase immediately after valvulo-
plasty and then to decrease at follow-up. These findings 
suggest that the observed changes represented real hemody-
namic alterations, rather than spontaneous variations in the 
technique of measurement that should have produced ran-
dom changes in either direction. 
Although left atrial volume changed in many patients 
after valvuloplasty and atfollow-up, and therefore may have 
potentially altered the Doppler regurgitant grade, the actual 
changes in the superior-inferior linear dimension of the 
atrium along which the jet extent was assessed were small 
(-0.42 ± 0.59 cm before to after valvuloplasty, 0.12 ± 0.77 
cm after valvuloplasty to follow-up). These small changes 
are unlikely to have altered the regurgitant grade in any 
significant way. Furthermore, between the postvalvulo-
plasty study and follow-up, mean left atrial volume did not 
change, whereas regurgitant grade decreased. 
Measurements of mitral regurgitation by contrast cine-
ventriculography by our group (7) also revealed a small but 
significant increase in mean regurgitant grade immediately 
after balloon valvuloplasty and a decrease in regurgitant 
grade in many patients at follow-up. The future use of 
Doppler color flow mapping to evaluate the severity of 
regurgitation may overcome some of the mentioned limita-
tions in the pulsed Doppler technique and provide further 
information about the changes in mitral regurgitation after 
valvuloplasty (29). 
Conclusions. Mitral valve area decreased from the mea-
surements made immediately after balloon mitral valvulo-
plasty in nearly half the patients restudied 6 to 11 months 
after the procedure. In most of these patients, the changes in 
area were small and mean valve area decreased only slightly 
but significantly. The echocardiographic score of valve. mor-
phology correlated with the percent decrease in valve area, 
and was higher in the four patients with a percent decrease in 
valve area >25% at follow-up than in the remaining patients. 
These early results suggest that the use of echocardiography 
to evaluate valvular morphology in patients considered for 
balloon valvuloplasty may help to select patients in whom 
beneficial early and late results are more likely to occur and, 
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conversely, to exclude those who are unlikely to benefit 
from the procedure. Further studies involving a larger num-
ber of patients are required to confirm these findings, which 
have important practical implications for the current man-
agement of patients with severe mitral stenosis. 
We thank John B. Newell and Diane Finkelstein for valuable statistical 
assistance. 
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